THE RESPONSE of individuals with essential hypertension to an acute salt load has been extensively studied.1-5 The response to salt loading in hypertension due to renal artery stenosis, however, has not been well characterized. Recently, Birchall, Madsen, and Anderson," demonstrated that salt loading would magnify the difference in U sodium/U creatinine ratios in unilateral renal artery stenosis.
2.
It is not possible to obtain meaningful information from the results in a patient with a labile blood pressure who is normotensive at the time of the test. One of the "normal' individuals with labile blood pressure had a "normal" response and two demonstrated an "abnormal" or essential hypertensive response even though their blood pressures were within the normal range at the time of the test. This had also been previouslv observed.2 3. To avoid other possible causes of alterations in sodium and water excretion, which might by themselves alter the test results, we have excluded patients with renal functional disturbances gross enough to produce elevated serum creatinines or abnormal urine concentration tests. This was an arbitrary exclusion. 4. Patients with sodium retention manifested by edema, congestive heart failure, or patients with a history of congestive heart failure were also excluded, since this would be expected to alter the response to a salt load. 4 5. The patient must be maintained in the supine position during the test period and during nearly all of the baseline collection period. 8 Group 1 consisted of 20 normotensive individuals ranging in age from 16 to 64 years, all without evidence of cardiovascular or renal disease. Group 2 consisted of hypertensive patients who had no evidence of a secondary type of hypertension. Group 3 consisted of seven individuals with hypertension due to renal artery stenosis. The significance of the renal artery lesion was confirmed in all at the time of surgery, with normal blood pressure levels on no medication in a follow-up period, varying from 14 to 26 months after correction of the obstructing lesion. All hypertensive patients of both groups 2 and 3 received a complete study for hypertension, which included renal arteriograms.
All subjects had been on a normal diet, not restricted in salt, and containing 3 to 6 Gm. of sodium daily, for at least 14 days and were receiving no medication at the time of testing. Antihypertensive medications had been discontinued for a period of at least 2 weeks prior to the test procedure, and, in the case of certain drugs, for a longer period of time.
The experimental design was set up to exclude patients from the study who had azotemia (creatinine of 1.6 or above) or impairment in renal Circulation, Volume XXXII, December 1965 concentration as demonstrated by the standard overnight concentration test. A film after voiding during the intravenous pyelogram was used as a means of evaluating bladder retention of urine. Subjects being tested were fasted and deprived of fluid from 9:00 P.M. of the day preceding the test until completion of the test procedure on the following morning. A baseline urine specimen was collected from 9:00 P.M. until the beginning of the salt infusion at 8:00 A.M. The patient was asked to empty his bladder immediately prior to starting an intravenous salt load of 100 ml. of 5 per cent saline per square meter of body surface area, which was administered over a 25-minute period. The patient was in the supine position throughout this time interval and for 1 hour after completion of the infusion. Blood samples were obtained at the time of the start of the infusion and at the end of the test procedure, 1 hour after completion of the infusion. During this total test period of 85 minutes, the urine was collected as the test urine specimen.
The volumes of the baseline and test urine specimens were carefully measured, and the sodium concentrations were determined.
Blood pressure determinations (cuff method) were performed at three different time intervals during the test period and averaged. The data obtained consisted of the baseline and test urine volumes, the serum sodium concentrations before and after infusion, the sodium concentrations in each urine sample, and the average blood pressure during the test procedure. From these data, calculations were performed to yield the total sodium excretion, the sodium clearance in the baseline and test periods, the sodium excretion rates, the per cent of administered sodium excreted, the test urine volume related to body surface (or amount of 5 per cent saline infused), and the ratio of the clearance of sodium in the test urine specimen to the clearance of sodium in the baseline urine specimen.
Results

Group 1
The normal individuals in this study were characterized by test urine volumes ranging from 45 ml. to 210 ml. with a mean of 103.6 + 45.2 ml. (the numbers to the right of the plus or minus sign represent one standard deviation). The baseline clearance of sodium and the baseline urine volumes did not differ significantly from the other two groups, nor did the total sodium excreted in the baseline urine specimen. The normal group was also characterized by a low total sodium excretion during the test and a low test clearance of Circulation, Volume XXXII, December 1965 sodium, which was two and a half times the average baseline clearance. During the 85minute test period, the normal subjects excreted 16 .0 + 8.0 per cent of the total sodium administered (table 1). Group 2 The essential hypertensive subjects as a group were found to excrete the sodium load much more rapidly as indicated by the fact that a mean of 33.8 + 5.6 per cent of the administered sodium was excreted in 85 minutes. The average baseline clearance of sodium did not differ significantly from the other two groups, nor did the mean baseline urine volumes or sodium excretion rates. The test urine volume averaged 261 + 113 in the essential hypertensive group or approximately two and a half times the normal group and over three times the mean volume in the renal hypertensive group. The mean total sodium excretion for group 2 was 52.5 mEq. + 25.4, which was slightly more than twice the excretion during this period of time in the normal group. The test clearance of sodium was likewise elevated and, when compared to the baseline clearance, revealed a ratio for this group of 8.22 ± 5.94. Four individuals (HB, NM, DW, and DH) in this group (table 2) did not exhibit exaggerated natriuresis in the test period as reflected in the per cent of administered sodium excreted, total sodium excretion, and test clearance of sodium. All of these individuals were taking a diet with at least 5 Gm. of sodium chloride and had not had antihypertensive medications. Three of the four had previously been on thiazide diuretics, however, and all four were tested the day after x-ray procedures requiring enemas and laxatives. They had low baseline urine volumes and baseline total sodium values so that the results in these subjects may have been related to some degree of dehydration and electrolyte loss. Nevertheless, they showed a 2-to 6-fold increase in the urine volume during the test and a 4to 12-fold increase in the test sodium excretion rate. The clearance ratios and UNLIV ratios were thus clearly elevated. (In the statistical analyses, the t value for the differences of the means between groups were slightly smaller for the UN5V ratios than the CN5 ratios, although both were significant at p values of less than 0.001. Since there was little change in the serum sodium levels, essentially the same information is obtained from both and only the clearance ratios are reported.) Group 3 The results in this group were strikingly different from the results in group 2, although the levels of the average blood pressures were quite comparable in the two groups. In group 3 the baseline clearance of sodium, the baseline urine volumes, and the baseline total urine sodium tended to be lower than the other two groups. The test urine in this group averaged 74.4 ml. with a standard deviation of 35.4 ml. There was no overlap, within one standard deviation, between group 2 and group 3 in comparing the test urine volume ( fig. 1.) . This group was also characterized by low total sodium excretion, low sodium excretion rate, and low clearance of sodium during the test period resulting in a ratio of the clearances nearly identical to group 1 of 2.79 +1.26. This was also reflected in the low percentage of administered sodium ex-creted of 13 + 10.7. The data for this group are presented in table 3.
The serum sodium in the baseline and test periods did not differ significantly between groups. In all three there was a slight rise in serum sodium and a slight fall in hematocrit value in the test specimens compared to the baseline specimens. This bar graph illustrates a comparison of the three groups in regard to test urine volume and test sodium excretion rate. The right hand bar in each group refers to the test sodium excretion rate. The line with a small bar at each end gives the standard deviation. The differences between group 3 (the individuals with hypertension due to renal artery stenosis) and group 1 (the normal subjects) were found to be statistically insignificant. On the other hand, the differences between the essential hypertensive group and the other two groups (1 and 3) were highly significant at p values less than 0.002 for the test urine volume, the test sodium excretion, the test sodium clearance, per cent of administered sodium excreted, the ratios of test to baseline UNRV and the ratio of test to baseline sodium clearance. These data are presented in table 4.
The least overlap between individuals in groups 2 and 3 was found in the test urine volumes and the ratio of the test sodium clearance to the baseline (fig. 2 ).
sodium clearance Discussion
It is apparent from the data presented that gross differences exist in the excretion of sodium and water under conditions of acute salt loading between individuals with essential hypertension and those with hypertension due to renal artery stenosis. Similar findings to those presented here in essential hypertension have previously been reported.Y-5 7 These individuals consistently excrete a sodium load or respond to water load9 with an immediate increase in the sodium and water excretion rates. This response of the essential hypertensive patient has consistently been Significance of differences-1 and 2 p < 0.001 p < 0.002 p < 0.001 p < 0.001 p < 0.001 p < 0.001 found to be maximal within the first 2 hours after administration of the salt load. Although deliberately eliminated by previously mentioned criteria from this study, patients with severe hypertension, even malignant, and with significant azotemia, respond to a salt load in the characteristic manner of the essential hypertensive.10 It would be of interest therefore, although such an individual has not been encountered in our experience, to study the response to salt loading in a patient with essential hypertension who develops a renal artery stenosis or one who had had hypertension resulting from renal vascular insufficiency in whom the "unprotected" kidney is sufficiently damaged so that correction of the offending lesion does not result in cure.
Despite the fact that the individuals with renal vascular hypertension had blood pres-sures comparable during the test to the essential hypertensive subjects, the individuals with hypertension due to renal artery stenosis responded to a salt load in a quantitatively similar manner to the normal individuals. A qualitative separation of groups 2 and 3 therefore did not necessitate insertion of ureteral catheters nor catheterization of the bladder.
The "normal" response to an acute salt load in individuals with hypertension due to renal artery stenosis would appear to be primarily a result of a mechanical rather than a humoral factor. Despite demonstration of the interrelationship of renin, angiotensin, and aldosterone, it has not been possible to measure increased aldosterone excretion or production in the usual patient with hypertension of renal vascular origin." Timmis and Gordon12 have recently reported studies of sodium clearance in patients with coarctation of the aorta before and after repair. A pronounced increase in the U sodium/U creatinine ratio was observed in their postoperative patients. The early studies,'3 '4 which led to the development of the Howard test, showed that sodium and water excretion was apparently directly related to perfusion pressure of the kidney. It was also observed that when the perfusion pressure of the kidney was changed, resulting in subsequent alterations of sodium and water excretion, detectable changes in renal blood flow or glomerular filtration rate did not occur except at extremely low or high perfusion pressures.
Changes in glomerular filtration rate too small to be detected might still occur and result in a rather large magnitude of change in sodium and water excretion. The exact mechanism of the alteration in sodium and water excretion whether it be tubular, glomerular, or both, has not been clearly established. The fact remains, however, that these changes may be directly related to perfusion pressures.
Those individuals with bilateral renal artery stenosis in the present study (RB and FF) had the lowest test urine volume and sodium excretion rate as well as the smallest If, however, one considers the individual with unilateral renal artery stenosis, the observed "normal" response to a salt loading becomes somewhat more difficult to explain. If the mechanical factor resulting in alterations of perfusion pressure is the primary factor involved, then the "hypotensive" kidney would have to excrete enough less sodium and water to compensate for the anticipated increased excretion by the normal or "hypertensive" kidney. This would result in the observed "normal" response to the salt load. This is probably the best explanation at the present time.
The studies of Helmer and Judson,'5 Grollman,'6 and others would serve to indicate that a pressor substance is liberated from the involved kidney in hypertension due to renal artery stenosis and can be demonstrated in significant amounts by catheterizing the renal veins or even using peripheral v7enous blood. Further, this substance is capable of forming angiotensin and can thus be assayed for pressor or constrictor activity. Since angiotensin is the most potent renal vasoconstrictor known, it might be said that this mechanism explains the absence of enough exaggerated natriuresis in the uninvolved kidney to more than compensate for the mechanical factor reducing sodium excretion on the stenotic side. Experimentally, however, infused angiotensin in doses sufficient to raise the blood pressure causes natriuresis rather than the opposite."7
We have observed three cases of special interest because all three had apparent renal artery lesions by arteriography but the results of their salt-loading test were in the range found in the essential hypertensive group. Surgical exploration in all three was carried out. One had no stenosis, one had correction of a lesion with only a small pressure gradient of 15 mm. Hg, and the third Circulation, Volume XXXII, December 1965 had a nephrectomy for a completely occluded renal artery. None of these three patients had any amelioration of their hypertension as a result of surgery.
From these observations an "essential hypertensive" response to the salt-load test in a patient with an apparent renal artery lesion may therefore indicate that the stenosis is not significant and surgical exploration may be avoided. All of the hypertensive patients in our series with a normal response to salt loading have been proved to have correctable hypertension due to a lesion or lesions in the renal arterial supply. Summary Acute salt loading was performed in three groups of patients, a normal group, a group with essential hypertension, and a group with hypertension due to renal arterial stenosis. Patients with hypertension due to renal arterial stenosis were found to excrete an acute salt load in a qualitatively and quantitatively similar manner to normlal individuals, in marked contrast to the exaggerated natriuretic response of individuals with essential hypertension.
Of measures in which significant differences were found, the test urine volume, per cent of administered sodium excreted, and the ratios of clearance of sodium in the test and baseline periods yielded a clear separation of patients with essential renal hypertension.
The results of this study indicate that acute salt loading in hypertensive patients may have diagnostic and prognostic value.
The test procedure is simple, rapid, free from morbidity, and requires a minimum of laboratory analyses.
